Observations of spacecraft radio signals give a unique opportunity to study the temporal and spatial behaviour of the signal's phase fluctuations caused by its propagation through the interplanetary plasma and the Earth's ionosphere. The phase scintillation of the telemetry signal of the European Space Agency's (ESA) Venus Express (VEX) and Mars Express (MEX) spacecraft was observed at X-band with a number of radio telescopes of the European VLBI Network (EVN) in the period 2008-2014. It was found that the phase scintillation spectra follow a Kolmogorov distribution with nearly constant spectral index of -2.42 for a full range of orbital phases. The scintillation index and Doppler noise along the orbit from superior conjunction to the greatest elongation is dominated by the solar wind plasma. Here, I will present the latest results of these observations, while Venus is approaching the inferior conjunction, and where the Earth ionosphere starts to dominate.
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Introduction
Observations of spacecraft radio signals within the solar system give a unique opportunity to investigate several science cases. In this work, we focussed on studying the temporal and spatial behaviour of the signal's phase fluctuations caused by its propagation through the interplanetary plasma and the Earth's ionosphere. The phase scintillation of the telemetry signal of the European Space Agency's (ESA) Venus Express (VEX) and Mars Express (MEX) spacecraft was observed at X-band with a number of radio telescopes in the period 2008-14. These measurements can be applied to a wide range of research fields, such as, the study of the gravity field of Phobos with Mars Express fly-by , study of solar wind turbulences using precise analysis of spacecraft phase [Molera Calvés et al., 2014] , study of drag effect on VEX spacecraft in the atmosphere of Venus [Rosenblatt et al., 2012] , and precise estimate of spacecraft state vectors of Venus Express [Duev et al., 2012] .
Methodology
Our team initiated systematic observations of planetary spacecraft in 2009. ESA's VEX spacecraft was selected due to its high quality signal, suitable transmission frequency and possibility to observe with European VLBI radio telescopes. The observations lasted 5 years until VEX stop operations at the ends of 2014. Observations of ESA's MEX spacecraft started in parallel in 2013. MEX is the primary target for current and future observations.
A total of 317 observations with VEX data and 147 with MEX data have been conducted until the ends of 2014. These observations have been carried out with 20 different VLBI radio telescopes. Table 1 lists the main characteristics of these antennae.
The goal was to cover as well as possible the full orbits of Venus and Mars around the Sun. We achieved a good coverage of the Venus orbit thanks to the five years of data. So far, we have collected data for only a quarter of the orbit of Mars. The left image of Figure 1 shows the geometrical position of the observations conducted. The right image shows a sketch of the observations. 
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Interplanetary phase scintillation Guifré Molera Calvés The interplanetary plasma total electron content (IP TEC) is calculated as it was described in [Molera Calvés et al., 2014] , using a normal electron density of 5 cm −3 at 1 AU [Axford, 1968] . However, to recreate a more accurate environment we also compare the data with IP TEC in cases of fast and slow solar winds models [You et al., 2012] .
The contribution of the Earth ionosphere is estimated using the vertical TEC maps provided by the International GNSS Service (IGS) 1 based on global positioning satellites data. We modelled the ionosphere as a single model and estimate de vTEC values on a global grid with a spatial resolution of 5 • in longitude and 2.5 • in latitude in two-hour temporal resolution. As both VEX and MEX operate in two-way link mode, we take into account the contribution to the ESA's transmission station (uplink) and to the reception at our antenna (downlink).
The data processing is conducted with the software developed on-purpose for multi-tone tracking of spacecraft signals: SWspec, SCtracker and digital PLL. The software is described in detail in . The three most important parameters out of our detections are the Doppler noise of the the detection, the carrier SNR ratio and the phase scintillation indices.
Results
In this paper, we present the results obtained with the observations of the two satellites orbiting Venus and Mars. It was found that the phase scintillation spectra follow a Kolmogorov distribution [Kolmogorov, 1991] with nearly constant spectral index of −2.42 ± 0.25. The spectra follows a Kolmogorov distribution regardless its location on superior, inferior or greatest elongation with
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Interplanetary phase scintillation Guifré Molera Calvés respect to the Sun. On the other hand, the phase scintillation indices (σ Sc ), rms of the phase fluctuations, depend on the propagation along the interplanetary media. The phase scintillation indices with respect to both, the orbital phase and the solar elongation are presented in Figure 2 . In this example, only data collected from VEX spacecraft is presented, up to a maximum solar elongation of 45 • . The upper panel in Figure 2 shows the phase scintillation index with respect to the solar elongation. Part of these results were already published in [Molera Calvés et al., 2014] . The results observed during 2014 have been included here. Total data-set covers almost a full range of orbital phases, starting from 5 • , near the superior/inferior conjunction, to 45 • , at the greatest elongation. The indices values cover the range from 0.04 to 40 radians in the scintillation band (3 mHz to 3 Hz wide).
The panel below of Figure 2 shows the scintillation index distribution with respect to orbital phase for the same period. The orbital phase allows us to display more clear the indices results. The flattening of the scintillation index at low values of interplanetary plasma TEC, near the inferior conjunction, is clearly seen in this graph.
Several factors contributed to the measured σ Sc : the Allan variance of H-maser clocks, the ionospheric TEC, the tropospheric contribution, or the instrumentation effect. With the available data, we disentangle the contribution of all these factors in our measurements.
Each contribution is well described in Table 2 .
Interplanetary phase scintillation Guifré Molera Calvés The phase scintillation index with respect to the orbital phase, the contribution of the ionospheric TEC for the up-and downlink (station-to-spacecraft and spacecraft-to-station), the troposphere and instrument ion effect are shown in Figure 3 . Figure 4 projects the measurements estimated from the MEX data. As seen in Figure 1 , the orbit coverage of MEX is lower, and we have lower data points than in Figure 3. 
Discussion and conclusions
We have successfully demonstrated the accuracy of the VLBI phase-referencing method for tracking spacecraft in a number of occasions [Duev et al., 2012 , Duev et al., 2015 . The nodding cycle between the spacecraft target and reference source is conditioned by the propagation within
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Interplanetary phase scintillation Guifré Molera Calvés the IP. This study allows us to obtain accurate results on scintillation level at any distance and epoch. This study also allowed us to disentangle and parametrise the contributions of both the interplanetary and Earth's ionospheric TEC's on the spacecraft Doppler detection accuracy with EVN radio telescopes.
The research aims will continue towards characterisation of atmospheric and ionospheric structure of planets and media, small bodies fly-byes, atmospheric drag campaigns, radio occultations or precise orbit determination of satellites.
Tracking observations of MEX spacecraft will continue in order to improve our scintillation measurements. Future space mission, like ESA's Jupiter Icy Moon Explorer (JUICE), will benefit of such precise knowledge.
